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PROBLEM TO BE SOLVED: To make a camera using a 
zoom lens small in size, especially, size in the depth 
direction. 

SOLUTION: In this zoom lens system constituted of 
plural lens groups, a prism 50 folding an optical axis is 
arranged between the lens groups which are moved in 
the case of zooming. The system satisfies a following 
conditional expression (1). (1) 0.8<Dmin/2y<1 .5. In this 
expression, Dmin=Da+(Lp/Np)+Db, where Da is the 
distance obtained when the distance between the lens 
group just before the prism and the prism is the 
shortest, Lp is thickness on the optical axis of the prism, 
Np is the refractive index of the prism, Db is a distance 
obtained when a distance between the prism and the 
lens group just behind the prism is the shortest, 2y is 
the image size of an optical system (y=f x tanW, f is the 
focal distance of an entire system and W is a half 
viewing angle). 
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* NOTICES * 

Japan Patent Offic is not r sponsible for any 
damages caus d by th us of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The zoom lens system characterized by arranging the prism which bends an optical 
axis and satisfying the following conditional expression (1) between the lens group which moves 
in the case of zooming, and a lens group in the zoom lens system which consists of two or more 
lens groups. 

(1) The air interval, 2y from which the air interval from which the interval of the lens group in 
front of 0.8<Dmin/2y<1 .5 however Dmin=Da+(Lp/Np)+Db, and Da; prism and prism serves as the 
minimum, the thickness on the optical axis of Lp; prism, the refractive index of Np; prism, and an 
interval with the lens group just behind Db; prism and prism serve as the minimum; the image 
size of optical system (y=fxtanW, the focal distance of f; whole system, W; 

[Claim 2] The zoom lens system which is the lens group which moves in case the 2nd lens group 
and the 3rd lens group are zooming and by which is become order from the positive 1st lens 
group, the negative 2nd lens group, and the positive 3rd lens group from a body side, and the 
above-mentioned prism is arranged between this 2nd lens group and the 3rd lens group in the 
zoom lens system according to claim 1. 

[Claim 3] The zoom lens system which satisfies the following conditional expression (2) in a 
zoom lens system according to claim 2. 

(2) 0.25<Dmin/ft<0.8, however ft; the focal distance of the whole system in a long focal distance 
edge. 

[Claim 4] The zoom lens system which satisfies the following conditional expression (3), (4), and 

(5) in a zoom lens system according to claim 2 or 3. 

(3) 0< — 10Z2-/log10of log(s) Z<0.4(4)0.2<fw/f3< 0.6 (5)- 1.3<m3t< -0.8 — however 
Z2=m2t/m2w, Z=ft/fw, m2t; The lateral magnification of the 2nd lens group in a long focal 
distance edge, The focal distance of the whole system in the lateral magnification of the 2nd lens 
group in an m2w; short focal distance edge, and ft; length focal distance edge, the focal distance 
of the whole system in a fw; short focal distance edge, the focal distance of the f3; 3rd lens 
group, m3t; lateral magnification of the 3rd lens group in a long focal distance edge. 

[Claim 5] The zoom lens system which is the lens group which moves in case the 2nd lens group 
and the 3rd lens group are zooming and by which is become order from the positive 1st lens 
group, the negative 2nd lens group, the positive 3rd lens group, and the positive 4th lens group 
from a body side, and the above-mentioned prism is arranged between this 2nd lens group and 
the 3rd lens group in the zoom lens system according to claim 1 . 

[Claim 6] The zoom lens system which satisfies the following conditional expression (6) in a 
zoom lens system according to claim 5. 

(6) 0.3<Dmin/ft<0.8, however ft; the focal distance of the whole system in a long focal distance 
edge. 

[Claim 7] The zoom lens system which satisfies the following conditional expression (7), (8), and 
(9) in a zoom lens system according to claim 5 or 6. 

(7) 0< — 10Z2-/log10of log(s) Z<0.4(8)0.2<fw/f(3-4) (9) w< 0.6- 1.3<m3t< -0.8 — however 
Z2=m2t/m2w, Z=ft/fw, m2t; The lateral magnification of the 2nd lens group in a long focal 
distance edge, Lateral magnification of the 2nd lens group in an m2w; short focal distance edge, 



http://www4.ipdl jpo.go.jp/cgi-bin/tran„web_cgLejje?u=http%3A%2F%2Fwww6.ipdljp... 2003/1 1/26 



2/2 <<— i> 



ft The focal distance of the whole system in a long focal distance edge, The focal distance of 
the whole system in a fw; short focal distance edge, the synthetic focal distance of the 3rd lens 
group in an f(3-4) w; short focal distance edge, and the 4th lens group, m3t; lateral magnificat.on 
of the 3rd lens group in a long focal distance edge. 

[Translation done.] 
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\ * NOTICES * 

Japan Pat nt Offic is not responsible for any 
damages caused by the us of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention relates to the zoom lens system used for a small video 

camera, a digital camera, etc. 

[0002] 

[Description of the Prior Art] Generally, a zoom lens system needs to secure the move space of 
a lens group where it moves in order to carry out zooming, and tends to become long compared 
with a single focal lens. Therefore, there is a limitation in size shortening of the depth direction 
of the camera which uses a zoom lens. 

[0003] Furthermore, high resolution-ization is progressing and a digital camera etc. has the 
inclination to also enlarge optical system in recent years, by enlargement of the screen size 
(image size of a lens) of image pck-up elements, such as CCD accompanying it. Although there 
is a lens collapsible mount type which contains a lens inside a camera as a means to miniaturize 
the camera carrying the zoom lens, at the time of power supply OFF, a mechanism is 
complicated and disadvantageous in respect of cost etc. 
[0004] 

[Objects of the Invention] this invention aims at the thing of the camera which uses a zoom lens 

for which especially the size of the depth direction is miniaturized. 

[0005] 

[Summary of the Invention] In order to shorten the size of the depth direction of a camera, this 
invention considers view of bending the optical axis of a zoom lens system on the way with 
prism, and the arrangement position of the prism, and is completed. 

[0006] That is, this invention is characterized by arranging the prism which bends an optical axis 
and satisfying the following conditional expression (1) between the lens group which moves in the 
case of zooming, and a lens group, in the zoom lens system which consists of two or more lens 
groups. 

(1) 0.8<Dmin/2 — the lens group in front of y< 1.5 however Dmin=Da+(Lp/Np)+Db, and Da; prism 
— ** — the air interval from which the air interval from which an interval with prism serves as 
the minimum, the thickness on the optical axis of Lp; prism, and an interval with the lens group 
just behind the refractive-index Db; prism of Np; prism and prism serve as the minimum, and the 
image size (y=fxtanW, the focal distance off; whole system, W; half field angle 

[0007] Moreover, as for this invention, it is practical to become order from the positive 1st lens 
group, the negative 2nd lens group, and the positive 3rd lens group from a body side, to more 
specifically, make the 2nd lens group and the 3rd lens group into the lens group which moves in 
the case of zooming, and to arrange prism between this 2nd lens group and the 3rd lens group. 
Moreover, it is desirable to satisfy the following conditional expression (2). 

(2) 0.25< — Dmin/ft<0.8, however the focal distance of the whole system in ft; length focal 
distance edge — come out 

[0008] Furthermore, in order to raise the lens performance of the zoom lens system of this 3 
group composition, it is desirable to satisfy the following conditional expression (3), (4), and (5). 

(3) 0< — 10Z2-/log10of log(s) Z<0.4(4)0.2<fw/f3< 0.6 (5)- 1.3<m3t< -0.8 — however 
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Z2=m2t/m2w, Z=ft/fw, m2t; The lateral magnification of the 2nd lens group in a long focal 
distance edge, m2w; — the focal distance of the whole system in the lateral magnification of the 
2nd lens group in a short focal distance edge, and ft; length focal distance edge, the focal 
distance of the whole system in a fw; short focal distance edge, the focal distance of the f3; 3rd 
lens group, and the lateral magnification of the 3rd lens group in an m3t; length focal distance 
edge — it comes out 

[0009] Furthermore, as for this invention, in another mode, it is practical to become order from 
the positive 1 st lens group, the negative 2nd lens group, the positive 3rd lens group, and the 
positive 4th lens group from a body side, to make the 2nd lens group and the 3rd lens group into 
the lens group which moves in the case of zooming, and to arrange prism between this 2nd lens 
group and the 3rd lens group. Moreover, it is desirable to satisfy the following conditional 

expression (6). . 

(6) 0.3< — Dmin/ft<0.8, however the focal distance of the whole system in ft; length tocal 

distance edge — come out 

[0010] In order to raise the lens performance of the zoom lens system of this 4 group 
composition it is desirable to satisfy the following conditional expression (7), (8), and (9). 

(7) 0< __ i0Z2-/log10of log(s) Z<0.4(8)0.2<fw/f(3-4) (9) w< 0.6- 1.3<m3t< -0.8 — however 
Z2=m2t/m2w, Z=ft/fw, m2t; The lateral magnification of the 2nd lens group in a long focal 
distance edge, Lateral magnification of the 2nd lens group in an m2w; short focal distance edge, 
ft; The focal distance of the whole system in a long focal distance edge, the focal distance of the 
whole system in a fw; short focal distance edge, the synthetic focal distance of the 3rd lens 
group in an f(3-4) w; short focal distance edge, and the 4th lens group, and the lateral 
magnification of the 3rd lens group in an m3t; length focal distance edge — it comes out 

[Embodiments of the Invention] Drawing 1 is the operation gestalt which applied the zoom lens 
system of this invention to the zoom lens system of 3 group composition. From the body side, 
this zoom lens system consists of the positive 1st lens group 10, the negative 2nd lens group 20, 
and the positive 3rd lens group 30, and between the 2nd lens group 20 and the 3rd lens group 30, 
prism 50 is arranged and it is made into order. Zooming moves the 2nd lens group 20 and the 3rd 
lens group 30, and is performed. That is, the 2nd lens group 20 and the 3rd lens group 30 are 
movable variable power lens groups. Both the prism 50 is arranged between the lens groups 
which move in the case of zooming between these movable variable power lens groups 20 and 30 
that is, and bends 90 degrees of opticals axis. Prism 50 is immobility (fixation). In the image 
formation side, the image pck-up element 60 is arranged through cover glass CG. Prism 50 can 
perform eccentric adjustment of optical system. 

[0012] Conditional expression (1) is the conditions for arranging prism in a suitable position. If 
the upper limit of conditional expression (1) is exceeded, since a lens group interval before and 
after arranging prism will become large too much, a lens overall length becomes large and it 
becomes impossible to miniaturize a camera. If the minimum of conditional expression (1) is 
exceeded, the prism for bending an optical axis and the lens group before and behind it will 
interfere. 

[0013] Conditional expression (2) - (5) is the conditions over the zoom lens system of 3 group 
composition. The example of the move locus of the zoom lens system of 3 group composition of 
the positive-lens group 10, the negative-lens group 20, prism 50, and the positive-lens group 30 
was shown sequentially from the body side shown in drawing 18 at drawing 1 . 
[0014] Conditional expression (2) is the conditions for arranging prism in a suitable position. If 
the upper limit of conditional expression (2) is exceeded, the interval of the 2nd lens group and 
the 3rd lens group becomes large too much, and in order to secure the amount of ambient lights 
at a short focal distance edge, a front ball system will become large too much, the [ the prism for 
bending an optical axis, if the minimum of conditional expression (2) is exceeded, the 2nd lens 
group, or ] — 3 lens groups will interfere 

[0015] Conditional expression (3) is related with a scale-factor change operation of the 2nd lens 
group. If the upper limit of conditional expression (3) is exceeded, a scale-factor change 
operation of the 2nd lens group will increase, and amendment of the aberration change 
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accompanying variable power will become difficult. If the minimum of conditional expression (3) is 
exceeded, only the 3rd lens group will have a scale-factor change operation, and cannot make 
the rate of a zoom ratio high. Furthermore, the movement magnitude of the 3rd lens group 
becomes large too much. 

[0016] Conditional expression (4) is related with the power of the 3rd lens group. If a conditional- 
expression (4) upper limit is exceeded, the power of the 3rd lens group will become large too 
much, the aberration change at the time of zoom will especially become large, and comatic 
aberration will get worse. If the minimum of conditional expression (4) is exceeded, the optical 
path length after the power of the 3rd lens group for making the emission nature beam of light 
injected from the 2nd lens group converge becomes small too much and bends an optical axis by 
the reflector of prism will become long. 

[0017] Conditional expression (5) is related with the lateral magnification in the long focal 
distance edge of the 3rd lens group. If the upper limit of conditional expression (5) is exceeded, it 
will become the inclination for the movement magnitude of the 2nd lens group to become large, 
and the optical path length before bending an optical axis by the reflector of prism will become 
long. If the minimum of conditional expression (5) is exceeded, the lateral magnification of the 3rd 
lens group will become large too much at a minus side, the burden of aberration amendment of 
the 3rd lens group will increase, and the aberration change accompanying zooming will increase. 
[0018] Conditional expression (3) By satisfying the conditional expression of - (5) simultaneously, 
a miniaturization and highly-efficient-izing of a zoom lens system can be attained. 
[0019] Moreover, the zoom lens system of 4 group composition by this invention is the 
composition of having added the immovable positive 4th lens group on the occasion of zooming 
with comparatively small power behind the 3rd lens group of the zoom lens system of 3 above- 
mentioned group composition. It becomes easy to obtain the tele cent rucksack nature 
demanded by this when using image pck-up elements, such as CCD. The example of the move 
locus of the zoom lens system of 4 group composition of the positive-lens group 10, the 
negative-lens group 20, Mirror M, the positive-lens group 30, and the positive-lens group 40 was 
shown in drawing 19 sequentially from the body side. The 2nd lens group 20 and the 3rd lens 
group 30 are movable variable power lens groups, and prism 50 is arranged in the meantime. 
[0020] Conditional expression (6) - (9) is the conditions over the zoom lens system of 4 group 
composition. Conditional expression (6) is the conditions for arranging prism in a suitable 
position. If the upper limit of conditional expression (6) is exceeded, the interval of the 2nd lens 
group and the 3rd lens group becomes large too much, and in order to secure the amount of 
ambient lights at a short focal distance edge, a front ball system will become large too much, the 
[ the prism for bending an optical axis, if the minimum of conditional expression (6) is exceeded, 
the 2nd lens group, or ] — 3 lens groups will interfere 

[0021] Conditional expression (7) is related with a scale-factor change operation of the 2nd lens 
group. If the upper limit of conditional expression (7) is exceeded, a scale-factor change 
operation of the 2nd lens group will increase, and amendment of the aberration change 
accompanying variable power will become difficult. If the minimum of conditional expression (7) is 
exceeded, only the 3rd lens group will have a scale-factor change operation, and cannot make 
the rate of a zoom ratio high. Furthermore, the movement magnitude of the 3rd lens group 
becomes large too much. 

[0022] Conditional expression (8) is related with the synthetic power of the 3rd lens group and 
the 4th lens group. If a conditional-expression (8) upper limit is exceeded, the synthetic power of 
the 3rd lens group and the 4th lens group will become large too much, the aberration change at 
the time of zoom will especially become large, and comatic aberration will get worse. If the 
minimum of conditional expression (8) is exceeded, the optical path length after the synthetic 
power of the 3rd lens group for making the emission nature beam of light injected from the 2nd 
lens group converge and the 4th lens group becomes small too much and bends an optical axis 
by the reflector of prism will become long. 

[0023] Conditional expression (9) is related with the lateral magnification in the long focal 
distance edge of the 3rd lens group. If the upper limit of conditional expression (9) is exceeded, it 
will become the inclination for the movement magnitude of the 2nd lens group to become large, 
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and the optical path length before bending an optical axis by the reflector of prism will become 
ong. If the minimum of conditional expression (9) is exceeded, the lateral magnification of the 3rd 
lens group will become large too much at a minus side, the burden of aberration amendment of 
fnno/l M 6 "! gr ° UP Increase ' and the aberration change accompanying zooming will increase. 
LU024J Next, a concrete example is shown. The following examples 1 and 2 are 3 group types 
( drawing 1 _g type), and examples 3 and 4 are 4 group types ( drawing 19 type). The chromatic- 
aberration (axial overtone aberration) view expressed with spherical aberration and the solid line 
in a chromat.c-aberration-of-magnification view, a dotted line, and an alternate long and short 
dash line are the aberration of d line, g line, and C line among many aberration views 
respectively, S is sagittal and M is meridional, moreover, FNO of front Naka — the f number and 
f - in the focal distance of the whole system, and W, lens ** or a lens interval, and Nd show the 
refractive index of d line, and, as for a half-field angle and R, nu shows the Abbe number as for 
radius of curvature and d Da and Db are the air interval from which the interval of the 2nd lens 
group (movable variable power lens group in front of prism) and prism serves as the minimum 
and an air interval from which the interval of prism and the 3rd lens group (movable variable ' 
power lens group just behind prism) serves as the minimum, respectively (refer to drawing 1 8 and 
il 3 n '?LlV o oi symmetry-of-revolution aspheric surface is defined by the following formula. 
1+[1-(1+K) c2y2] 1/x=cy2/[2]+A4y4+A6y6+A8y8+A10y10+A12y12 ... (however, x:aspheric 
r^°i e rc° nfig V ra Ji on ' c:curv ature, the height from y:optical axis, K:constant of the cone) 
LU02oj [.Example 1J drawing 2 and drawing 4 show the lens block diagram in a short focal 
distance edge and a long focal distance edge, respectively, and drawing 3 and drawing 5 show 
many aberration in each lens composition shown by drawing 2 and drawing 4 Table 1 is the 
numeric data The 1st lens group 10 positive in field No.1-2, the 2nd lens group 20 negative in 

I ,Z M l? 6 3rd l6nS gr0Up 30 positive [ 10 7 field No - 9 ~] in P r 'sm 50 and field No.1 1-1 9 and 
field No.20-21 are cover glass CG, such as CCD. The 1st lens group 10 consists of one positive 
meniscus lens, the 2nd lens group 20 consists of a negative meniscus lens, a negative lens and a 
positive meniscus lens sequentially from a body side, and the 3rd lens group 30 consists of a 
cemented lens of a positive lens, a positive lens, and a negative lens, a negative meniscus lens 
and a pos.t.ve lens. It is fixed between the 2nd lens group and the 3rd lens group, drawing S is 
arranged and zooming is performed by moving the 2nd lens group and the 3rd lens group like 
drawing 18 . 
[0026] 
[Table 1] 

FNO=1:2.8-3.4-4.6f=8.35-1 4.50-23.60 (zoom ratio; 2.83) 

™°- 3 ~ 1 78 " 1 1 - 1Da=1 508 Db=1 - 971 Reld No. R d Nd nu 1 25.193 5.022 1.48749 702 2 198 129 
~ ~ 3 27829 1400 1 83400 372 4 7414 4134 - 5 - 43.539 1 300 1 78800 29 
4 nln A^°o 0370 " " 7 13247 3 ' 200 1 - 8 °51825.4 8 365.546 12.232-4.601-1.508 - - 9 infinity 
10.000 1.51633 64.110 infinity 1.000 - It Extracts. - (S) infinity9.531-6.284-0 971 - - 119457 

HIM IfnnV^J 2 " 65 - 3440 - 102 ~ " 13 9 746 2 661 148749 70 2 14 " 811 - 9 08 1-200 1.84666 
?onJ-o I 7 64 " " 16 * 25000 1 300 166910 55 4 17 12.3267.321 - - 1854.145 2000 

1.80518 25.4 19-323.292 4.999-8.246-13.558 - - 20 infinity 3.790 1.51633 64 1 21 infinity - - -* 
is the symmetry-of-revolution aspheric surface. 

^T?7o U ^fn^ at n ( ^ e as P neric - surf ace coefficient which is not displayed is 0.00.): Field No. 
K A4 A6 A8 16 0<X> -0.5272x10-3 -0.6482x10-6 -0.1058x10-6 [0027] [Example 2] dj_3win 1 _J_ and 
d „ aWln * 8 show * ne lens block dia gram in a short focal distance edge and a long focal distance 
edge, respectively, and dj__wjng L 7 and drawing ^ show many aberration in each lens composition 
shown by drawing 6 and dj_awjng8 . Table 2 is the numeric data. To a negative meniscus lens 
the negative lens of the 2nd lens group 20 of fundamental lens composition is the same as that 
of an example 1 , except that [ of the 3rd lens group 30 ] the positive lens by the side of an 
image turns into a positive meniscus lens most 
[0028] 
[Table 2] 

FNO=1:2.8-4.7-4.8f^8.27-22.90-23.60 (zoom ratio; 2.85) 

W-30.3-1 1.5-1 1.2Da=1. 708 Db=1.827 Field No. R d Nd nu 1 32.204 4.780 1.48749 70 2 2 769 066 
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• (i ■' * 

"„ 1 .800-1 2.336-1 2.31 9 - - 3* 23.21 7 1 .400 1 .75700 47.8 47.1 1 4 4.402 — 5 421 .841 1 .300 1 .81 600 

- 46.6 6 23.859 0.100 - - 7 10.505 3.000 1.8466623.8 8 15.674 12.243-1.708-1.724 - - 9 infinity 

- 10.000 1.5163364.1 10infinity 1.000 - - It Extracts and is (S). Infinity 9.553-1.302-0.827 - - 11 
9.664 2.891 1.5891361.2 12 - 29.254 0.172 - - 13 22.388 3.000 1.48749 70.2 14 - 13.085 
1.2001.84666 23.8 15 - 37.177 1.805 — 16 145.320 1.300 1.80100 35.0 176.679 2.455 - - 
1812.0312.753 1.75520 27.5 19 126.242 7.055-15.307-15.782 -- 20 infinity 3.790 1.51633 64.1 21 
infinity * is the symmetry-of-revolution aspheric surface. 

Aspheric-surface data (the aspheric-surface coefficient which is not displayed is 0.00.): Field No. 
K A4 A6 A8 3 0.00 -0.8493x10-5 0.1967x10-6 0.6970x10-10 11 0.00 -0.1500x10-3 -0.6453x10-6 
-0.5360x10-8 [0029] [Example 3] Drawing 10 and drawing 12 show the lens block diagram in a 
short focal distance edge and a long focal distance edge, respectively, and drawing 1 1 and 
drawing 13 show many aberration in each lens composition shown by drawing 10 and drawing 12 . 
Table 3 is the numeric data. The 1st lens group 10 positive in field No. 1-2, the 2nd lens group 20 
negative in field No.3-8, the 3rd lens group 30 positive [ 10 / field No.9~] in prism 50 and field 
No.11-17, the 4th lens group 40 positive in field No. 18— 19, and field No. 20— 21 are cover glass 
CG, such as CCD. The 1st lens group 10 consists of one positive meniscus lens, the 2nd lens 
group 20 is constituted from a body side by order by the negative meniscus lens, the negative 
lens, and the positive lens, the 3rd lens group 30 consists of a cemented lens of a positive lens, 
a positive lens, and a negative lens, and a negative meniscus lens, and the 4th lens group 40 
consists of one positive meniscus lens. Drawing S is placed in a fixed position between the 2nd 
lens group and the 3rd lens group, and zooming is performed by moving the 2nd lens group and 
the 3rd lens group like drawing 19 . 
[0030] 
[Table 3] 

FNO=1:2.8-4.7-5.2f=7.50-1 9.20-21. 20 (zoom ratio; 2.83) 

W=33.0-1 3.6-1 2.4Da=1 .307 1.992nd [ Db=] page No. R d Nd nu 1 33.363 4.319 1.48749 70.2 2 
617.255 2.000-11.956-11.763 - -3 27.003 1.400 1.83400 37.2 4 7.588 4.178 - - 5 - 35.577 1.300 
1.80400 46.6 6 22.093 1.020 --7 15.786 3.200 1.80518 25.48 - 661.726 1 1.263-1.307-1.500- - 9 
Infinity 10.000 1.51633 64.1 10 infinity 1.000 - - It Extracts (S). Infinity 11.274-2.774-0.992- - 11 
8.546 2.822 1.4970081.6 12 -291.107 0.100- - 13 9.640 2.4501.48749 70.2 14 101.558 1.200 
1.84666 23.8 15 16.271 1.422 -- 16* 21.061 1.300 1.66910 55.4 17 10.656 5.962-14.462-16.244 - 
- 18 - 32.3222.000 1.67270 32.1 19 -16.899 4.999- - 20 infinity 3.790 1.51633 64.1 21 infinity - - 
-* is the symmetry-of-revolution aspheric surface. 

Aspheric-surface data (the aspheric-surface coefficient which is not displayed is 0.00.): Field No. 
K A4 A6 A8 16 0.00 -0.7200x10-3 -0.1017x10-4 -0.2324x10-6 [0031] [Example 4] drawing 14 
and drawing 16 show the lens block diagram in a short focal distance edge and a long focal 
distance edge, respectively, and drawing 15 and drawing 1 7 show many aberration in each lens 
composition shown by drawing 14 and drawing 1 6 . Table 4 is the numeric data. Fundamental lens 
composition is the same as that of an example 3. 
[0032] 
[Table 4] 

FNO=1:2.8-4.6-5.1f=8.20-2 1.25-23.20 (zoom ratio; 2.83) 

W=30.7-1 2.3-1 1.3Da=1. 346 Db=1.943 Field No. R d Nd nu 1 25.767 4.702 1.48749 70.2 2 291.119 
2.145-1 1.429-1 1.249 - - 3 45.594 1.400 1.83400 37.2 4 7.880 3.737 — 5 - 40.221 1.300 1.80400 
46.6 6 21.809 0.701 - - 7 15.136 3.200 1.8051825.4 8 - 159.484 10.630-1.346-1.526 - - 9 Infinity 
10.0001.51633 64.1 10 infinity 1.000 - - It Extracts (S). Infinity 10.622-2.553-0.943 - - 1 1 9.145 
2.779 1.4970081.6 12 - 73.091 0.100 - - 13 8.614 2.611 1.48749 70.2 14 930.807 1.2001.84666 
23.8 15 17.387 1.369 - - 16* 20.1411.300 1.66910 55.4 17 7.982 5.415-13.484-15.094 - - 18 - 

42.809 2.0001.78470 26.3 19 -17.730 5.000- - 20infinity 3.790 1.51633 64.1 21 infinity * is 

the symmetry-of-revolution aspheric surface. 

Aspheric surface data (the aspheric surface coefficient which is not displayed is 0.00.) : 16 0.00 - 
0.7078x10-3 -0.9649x10-5 -0.6666x10-7 [0033] The value over each conditional expression of 
each example is shown in Table 5. 
[Table 5] 
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An example 1 An example 2 An example 3 Example 4 conditional expression (1) 1.033 1.047 1.016 
1.015 conditional expression (2) 0.427 0.429 - - Conditional Expression (3) 0.301 0.232 - - 
Conditional Expression (4) 0.499 0.540 - - Conditional Expression (5) -0.992 -1.031 - - 
Conditional Expression (6) - - 0.4670.426 conditional expression (7) - - 0.197 0.255 Conditional 

Expression (8) — 0.453 0.500 conditional expression (9) 1.109 -1.098 each example has 

satisfied each conditional expression, and many aberration is also comparatively good and it is 

amended. 

[0034] 

[Effect of the Invention] According to this invention, the size of the camera which uses a zoom 
lens, especially the depth direction can be miniaturized. 
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* * NOTICES * 

Japan Patent Offic is not r sponsibl for any 
damages caus d by th us of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the fundamental lens composition of the zoom lens system by 
this invention. 

[Drawing 2] It is drawing in which developing a reflector and showing the lens composition in the 
short focal distance edge of the example 1 of the zoom lens system by this invention. 
[Drawing 3] They are many aberration views in the short focal distance edge of the lens 
composition of drawing 2 . 

[Drawing 4] It is drawing in which developing a reflector and showing the lens composition in the 
long focal distance edge of the example 1 of the zoom lens system by this invention. 
[Drawing 5] They are many aberration views in the long focal distance edge of the lens 
composition of drawing 3 . 

[Drawing 6] It is drawing in which developing a reflector and showing the lens composition in the 
short focal distance edge of the example 2 of the zoom lens system by this invention. 
[Drawin g 7] They are many aberration views in the short focal distance edge of the lens 
composition of drawing 6 . 

[Drawing 8] It is drawing in which developing a reflector and showing the lens composition in the 
long focal distance edge of the example 2 of the zoom lens system by this invention. 
[Drawing 9] They are many aberration views in the long focal distance edge of the lens 
composition of drawing 8 . 

[Drawing 10] It is drawing in which developing a reflector and showing the lens composition in 
the short focal distance edge of the example 3 of the zoom lens system by this invention. 
[Drawing 1 1] They are many aberration views in the short focal distance edge of the lens, 
composition of drawing 10 . 

[Drawing 12] It is drawing in which developing a reflector and showing the lens composition in 
the long focal distance edge of the example 3 of the zoom lens system by this invention. 
[Drawing 13] They are many aberration views in the long focal distance edge of the lens 
composition of drawing 1 2 . 

[Drawing 14] It is drawing in which developing a reflector and showing the lens composition in 
the short focal distance edge of the example 4 of the zoom lens system by this invention. 
[Drawing 15] They are many aberration views in the short focal distance edge of the lens 
composition of drawing 14 . 

[Drawing 1 6] It is drawing in which developing a reflector and showing the lens composition in 
the long focal distance edge of the example 4 of the zoom lens system by this invention. 
[Drawing 1 7] They are many aberration views in the long focal distance edge of the lens 
composition of drawing 1 6 . 

[Drawing 18] It is the simple move view of the zoom lens system of 3 group composition by this 
invention. 

[Drawing 1 9] It is the simple move view of the zoom lens system of 4 group composition by this 
invention. 

[Description of Notations] 
10 1st Lens Group 
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20 2nd Lens Group 
30 3rd Lens Group 
40 4th Lens Group 
50 Prism 
CG Cover glass 



[Translation done.] 
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